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© Fibrous reinforcement material for water-hardenaWf 



f A fibrous reinforcement material is provided comprised 
discrete groups of interconnected fibres produced by 
breaking up the network of fibres formed by mechanical 
fibrillation of an oriented film of an alkyiene polymer or 
copolymer. The material is useful as a reinforcement material 
in water-hardenable masses. The fibres constituting the 
discrete groups are either substantially ail equal to or less in 
length than the length of the slits produced In the oriented film 
by the mechanical fibrillation or may be greater in length than 
the slit length provided that the film which is mechanically 
fibrillated has a width of 10 mm or less, and the length of fibre 
does not exceed 100 mm. For a given width of film there Is an 
5 optimum range of length within the range 6-100 mm. The 
" invention also provides a method of reinforcing water-har- 
denable masses by incorporating the above defined 
IT reinforcement material therein and also water-hardened 
masses containing the said reinforcement material. 
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DESCRIPTION 

" FIBROUS REINFORCEMENT MATERIAL FOB WATER -HARDEN ABLE 

MASSES * 1 

This invention relates to fibrous reinforcement 
material suitable for reinforcing water-hard enable 
masses (such as cement, gypsum and similar inorganic 
hardenable materials), thermosetting resins (e.g. 
polyester/styrene, phenolic and epoxy types), paper 
and inorganic fusible materials. It has been proposed 
to reinforce cementitious products by using continuous 
networks produced by fibrillating polypropylene film. 
The continuous nature of such a network however makes 
it impossible to mix the network with the water 
hardenable mass/ 

U.K. Patent 1,130,612 describes the use of chopped 
fibrillated coarse twine (of 6,000 - 65,000 denier) 
to reinforce water hardenable masses. In this case 
the specific product is produced by a working of the 
film (such as by twisting) to produce fibrillation 
(e.g. as described and claimed in U.K. Patent 1,040,663. 
The twine is necessarily coarse and does, .not lend it- 
self to the production of thin (e.g. down to 4 mm 
thickness) reinforced sheets produced from water-harden- 
able masses. 

If fibrillated films in the form of networks having 
finer fibrils than those present in the material used 
in U.K. Patent 1,130,612 were produced and then chopped 
it would be expected that such finer products would be 
more useful in and render possible the production of 
thin sheets of water-hard enable masses. 

It has now been found, however, that such finer 
networks, when chopped in the manner of U.K. Patent 
1,130,612 exhibit a balling effect which prevents 
sufficient fibre being evenly distributed throughout 
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the water-hardenable mass. This balling effect there- 
fore prevents effective reinforcement ef the water- 
hardenable mass by incorporating such fibres. 

One method of producing fine f ibrillated fibres 
from oriented polyolefin fil», in *** the P W 
chains have been oriented in the longitudinal direction 
Tto effect a cutting or slitting of the «3» brrows 
of pins or cutting edges mounted on a rotating drum 
t for example described and claimed in ^ent 
1 073 741. Such at cutting or slitting process mil 
hereinafter be referred to. as mechanical fibrillation. 

7e have now found that, if mechanically fibnllated 
films are chopped or otherwise broken up into discrete 
groups of interconnected, fibres in which the fibres 
constituting each group all have a » 
less than the length of the slits produced m the 

by the mechanical fibrillation then the tendency 
of the groups to ball together is reduced and - 
'ancient fibre can be evenly distributed throughout 
, tte water-hardenable mass to enable a reinforcing 
5 lotion to be achieved even in water-herdenable masses 

° f X Tlodimsnt of the present invention «iere- 
fore there is provided a fibrous reinforcement material 
)5 which comprises discrete groups of ^~™!'* 
5 f «res produced by breaking up the network of fibres 
f omed by mechanical fibrillation of an oriented film 
oHf alLlene polj-sr and/or copolymer In which 
Mentally all ^^^T 

th mechanical fibrillation process. 

!he film may be in the form of a full width fil* 
„r'mav be in the fern of tapes which are either cut 
J5 ^oriented film or are extruded as such, whether 
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in the form of full width film or in the form of 
tapes, the film can be cut and if necessary further 
worked to forin discrete groups of interconnected 
fibres, the fibres constituting the groups being of 
a length which equals or is less than the length 
of slit formed in the film by mechanical fibrillation. 

The further working may for example be accomplished 
by the action of mixing of the fibres in the water- 
hardenable mass. Alternatively or in addition the cut 
film or tape may be worked by traditional textile fibre 
handling machinery such as fibre opening machines or 
carding machines. 

It has further been found however, that if the 
length of the fibres is substantially less than the 
slit length, the bond between the fibres and the 
water-hardened mass in which they are incorporated 
may be too low to provide an increase in post-crack 
fiexural strength of the water hardened mass. That 
is to say, when a crack appears in the water hardened 
mass, the fibres bridging the crack jnay exhibit in- 
sufficient bonding with the water-hardened mass to 
provide an increase in the fiexural strength of the 
cracked mass if their length is too short. Furthermore, 
initial trails showed that increasing the length of the 
fibres to more than the slit length increased the 
balling effect to the point where, again, insufficient 
fibre could be evenly distributed throughout the water- 
hardenable mass to provide an increase in post-crack 
fiexural strength. 

It has now been found however that if the film 
which is mechanically f ibrillated has a width of 
10 mm or less than it can be cut into lengths greater 
than the said slit length in the film and still 
enable sufficient fibre to be evenly distributed 
throughout an aqueous matrix to provide an increase 
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in post-crack flexural strength. It has further been 
found that the presence of the slits in such longer 
lengths enables penetration of the slits on mixing 
with the matrix (e.g. cement slurry) to occur which 
enhances the mechanical bond between the tape and the 
matrix. Suitable film widths have been found to be 
from 0.5 to 10 mm. Ihe increase in the length of 
individual pieces of the chopped film which is possible, 
i.e. enable an increase in post-crack flexural strength 
to be achieved varies with the width of the tape. !Ehus 
for a 0.5 mm tape -lengths of up to 100 mm are just 
possible although shorter pieces of 35 mm or less 
are preferred. As the width of the tape increases the 
possible length decreases and at 10 mm the length 
should not in general exceed 20 mm. The relationship 
between the width of tape and possible cut length is 
not linear. 

According to a further and preferred embodiment 
of the present invention there is provided a fibrous 
reinforcement material which comprises cut or chopped 
pieces of mechanically fibrillated oriented film 
formed from an alkylene polymer and/or copolymer, 
the width of the film (measured before fibrillation) 
being from 0.5 mm to 10 mm and the length of substantially 
all the cut or chopped pieces being 100 mm or less and, 
for a given width of film, being such as to provide an 
increase in the post-crack flexural strength of a 
water hardened mass in which said cut pieces -are in- 
corporated before the mass is hardened. 

Preferably the length of the cut pieces does not 
exceed 35 mm. When the width of the tape is 0.5 mm 
the most preferred length of the cut pieces is from 20 to 
26 mm and at a width of 1.5 mm the most preferred 
length is from 15 mm to 20 mm. When the width is 
about 10 mm the most preferred length is from 6 mm 
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to 12 mm. The thickness of the oriented film may be 
from 10 to 100 microns but thicknesses of from 25 to 
40 micron are preferred for ease of handling con- 
sistent with good reinforcing properties. 

It has been found that as the length of the cut 
pieces increases beyond the slit length so does the 
area of contact with -the water-hardened mass and also 
the number of slits in the film into which the water- 
hardenable # mass can penetrate before it is hardened. 
In this way increasing the length increases the 
mechanical bond between the fibres of the cut or 
chopped piece and the water-hardened mass. The limiting 
factor for length in respect of a given width is the 
increase in the balling .effect which occurs as the 
length is increased. 

In a more general aspect the present invention 
provides a fibrous reinforcement material which com- 
prises discrete groups of interconnected fibres produced 
from a mechanically f ibrillated oriented film or tape 
of an alkylene polymer and/or copolymer in which the 
length of substantially all the fibres* constituting 
each such group is not more than 100 mm and for a given 
.width of film or tape, is such as to provide an increase 
in the post-crack flexural strength of a water-hardened 
mass in which such groups have been evenly distributed 
before the mass is hardened. When the width of film 
or tape before fibrillation is greater than 10 mm, then, 
as hereinbefore indicated, the length of the individual 
fibres making up the group must be less than or equal 
to the slit length produced by the mechanical fibrill- 
ation. When the width of film or tape before mechanical 
fibrillation is less than 10 mm, then, the length of 
the fibres may be and are preferably longer than the 
said slit length so as to constitute discrete lengths 
of film cr tape having a plurality of slits formed therein. 
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The fibrous reinforcement material of the invention 
are suitable for mixing directly in the specific matrix 
of the water-hardenable mass, for example the thin 
reinforced cement sheet. The types of sheet product 
5 which normally use asbestos fibres are envisaged as 
particularly important applications of the reinforcing 
material of the invention. The mixing in of the 
reinforcement material can be undertaken on known 
* 'machinery (e.g. Hat schfek machine). 

10 Fibrillation parameters such as fibrillator 

speed and depth can be varied to give rise to more 
or less hairy, ragard fibres. The incorporation of 
fillers such as inorganic fillers or of other promotors 
of micro fibrillation such as general purpose styrene 

15 in the film can also promote this hairiness enhances 
workability, i*;e. the ability of the reinforcement . 
material to pick up and carry with it some of the 
♦water hardenable mass (e.g. a cement slurry). On 
the other hand the presence of hairiness increases 

20 the tendency for the balling effect to occur. In 

practice ishe degree of hairiness introduced should be 
chosen such as to enhance workability whilst not 
increasing the balling effect to the point where even 
distribution of sufficient reinforcement material 

25 is prevented. 

The fibre bonding properties with the matrix 
formed from water and the water-hardenahle mass, the 
wettability, dispersi bility and "workability" (i.e. 
the ability of the groups of interconnected fibres 

30 to be wetted by, introduced into, and then carry with 
them some of the matrix) can be improved by inclusion 
in the polymer melt from which the films to be fibrill- 
ated are formed of: 

(a) Inorganic particles compatible with the matrix 

35 and compatible with the jpolymer and processing conditions 
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e.g. ordinary portland cement, chalk, silica (precip- 
itated or aerogel types), alumina, magnesia and other 
naturally occurring oxides and carbonates, 

(b) Organic coupling or bonding agents e.g. 
ethyl polysilicates and methacryloxypropyltrimethoxy 
silane types, styrene acrylonitrile copolymer, silicone 
glycol copolymer and polyvinylalcohol, and organic 
acids e.g. phthalic anhydride, oleic acid. 

Chemical treatments of the surface of the fibres 
(applied to fibrillated tow before cutting and breaking) 
can also assist incorporation and dispersion of the 
groups in the matrix to be reinforced. These may be 
typical surfactant types of finishes which impart 
-hydrophillic properties e.g. lauric fatty acid, 
ethoxylated fatty acid types and phosphate esters. 

The bond between the f ores constituting the cut 
pieces and the water-hard enable mass is responsible 
for assisting transfer of applied loads from the said 
mass to be fibres on first cracking of the mass under 
stress. To minimise crack widths, it is preferred 
that fibrils of higji Young's modulus be used. This 
may be achieved at commercially viable outputs by 
suitable choice of conditions and parameters during 
production of the alkylene film and its subsequent 
orientation. 

The fibrous reinforcing material of the present 
invention may be produced from blown film or cast 
film (in water or onto a temperature controlled polished 
metal roller). It is possible to obtain a hi^i Young's 
modulus if the film is cast or preheated at a higfr 
temperature (e.g. 80 - 120°C) before subseouent 
stretching, and orientation of polymer chains. Thus 
in« the case of cast films, raising the temperature of 
the polished roller from 60 to 90°C makes it possible 
to increase the stretching or draw ratio from 17.5 
to* 28. 
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The desired width of f iLu may be produced from 
the blown or cast film by slitting the film long- 
itudinally into a plurality of tapes before mechanical 
fibrillation. After fibrillation the fibrillated 
5 tapes may be collected by winding on to a package 
as they are produced and transported as such. They 
can be cut or chopped immediately before being 
incorporated in the water-hardenable mass as by 
spraying into the aqueous matrix width agitation. 

10 Alternatively, the fibrillated tapes may be cut in 
line on the tape production line to the required 
length and supplied in bulk to a board plant and 
metered as chopped fibrillated tape into an aqueous 
matrix such as a cement slurry in a board making plant, 

15 The speed of 1ihe fibrillator roller with respect 

to the oriented film can be adjusted in a known 
manner to impose a further .slitting. of the network 
produced by the stagger of the rows of pins thus 
producing even finer fibres. 

20 When very narrow tapes (for example of widths 

0.5, 1.5, 3-0, 3.5 mm) are mechanically fibrillated, 
•unless the fibrillator. speed, is very fast it is 
essential that the pins or cutting e£ges of the fib- 
. rillator are spaced to run and ensure slitting of 

25 the tape by at least two adjacent pins or cutting 
edges in the same width of tape (e*g« 2.4 pins/mm 
will give at normal fibrillatorS speeds only one slit/ 
unit width for 0.5 mm wide tapes, whereas 1.6 
pins/mm will ensure at least 2 slits/unit width 

30 of a 1.5 Em wide tape). Per one pin or cutting 
edge per width of tape, the tape can be easily 
deflected and so avoid being slit. 

The spacing of pins in each row thereof on the 
frbrillator roller may be, for example 0.6, .1.6, or 
35 2.4 or 3.0 pins/mm. At 3.0 pins/mm the spacing gives 
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fibre of 333 microns maximum width. The stagger 

between consecutive rows of pins on the pinned 

roller may be varied for example from 0.05 

to 0. 33 mm ( the latter width being limited by 

the pins/mm) which provide fine interconnecting 

fibres with widths ranging from 50 to 333 

micron. 

The chopped tapes preferably have lengths 
of from 10 - 30 mm. In this range the chopped 
tapes are more easily mixed into the aqueous 
matrix e.g. into a cement slurry. Because 
the .chopped tapes have distinct edges and 
are not ragard, they are much easier to handle 
' than discrete groups of interconnected fibres 
produced by breaking down a mechanically f ib- 
rillated sheet of film or tape. 

The invention also provides a method of 
reinforcing water-hard enable masses which com- 
prises distributed throughout the water-harden- 
able mass a fibrous reinforcement material of 
the present invention and hardening the water- 
hardenable mass. 

The fibrous reinforcement material may 
be incorporated in and distributed throughout 
the water-hardenable mass such as a cement 
slurry or concrete mix in any convenient 
manner. When the reinforcement material is 
produced from narrow tapes it can be produced 
and fed into the mix concurrently by chopping 
continuous fibrillated tape and feeding the 
chopped tape directly into the mix. 

The chopping of continuous fibrillated 
tape and blowing these discontinuous tapes into 
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a jet of "atomised" cement slurry is another 
technique for distributing such fibres in the 
cement slurry in the production of .flat sheets 
or shaped articles* By the use of such a 
spray technique, it is possible to omit inter- 
mediate mixing or stirring processes* When 
the tapes have a length longer than the fib- 
rillation slit length cement slurry penetrat- 
ion of the film by the cement slurry is en- 
hanced, especially when the fibre surface is 
hydrophillic, thereby improving mechanical 
keying. 

The invention also includes water- 
hardened masses containing, .distributed 
throu^iout the mass a fibrous reinforcement 
material of the invention, 

The invention will be further 
illustrated by reference to the attached 
drawings, in which: 

Fig. 1 is a graph showing a plot of 
deflection against flexural stress for a. rein- 
forced disc in which the incorporated cut tape 
has a width of 1.5 mm, a length of 20 mm and 
was incorporated in the reinforced disc at 
a concentration of 3$ w/w. 

Pig. 2 is a graph showing a plot of 
ultimate post-crack flexural strength derived 
from curves such as Pig. 1 against concentrat- 
ion of fibrous reinforcement material in respect 
of fibrillated tape of 1.5 mm width and 20 mm 
cut length. 

Pig. 3 is a graph showing a flat tape 
^cut length against the concentration at the 
ultimate flexural strength derived from curves 
such as Pig. 2. 
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Fig. 4 is a graph showing the relationship of 
length of cut tape to width of cut tape for a given 
concentration. 

Fig. 5 is a graph showing the effect of fibrill- 
ation on the ultimate post-crack flexural strength. 

■Pig. 6 is a graph showing the effect of Youngs 
Modulus on the post-crack flexural strength, 

and also by reference to the following Examples: 
Example 1 

Method of fibrillated tape production 

1.1 Film was extruded through a slit die: 
Polymer - Polypropylene MFI 5.5 90% 

Polyethylene MPI 1.5 10& (high 

density) 

to give film thickness of 420 microns at 5 m/min cast onto 
a polished roller at 60 °C 

Undrawn film was then slit into tapes of the required 
width. 

The tapes were stretched in hot air oven at 200°C, with 
stretched speed 52.5 m/min (i.e. 17.5 draw ratio) to . 
give thickness of 100 micron. 

Fibrillation was effected with a pin roller of 1.6 pins/ 
mm width in rows with spacing of 10 mm between consecutive 
rows by rotating the roller at a surface speed 2.4 x film 
speed. Penetration of pins into the film was adjusted 
to give slit lengths of 10 mm. 

1.2 Using a blown film technique: 
Polymer - Polypropylene MFI 1.5 90& 

Polyethylene MFI 1.5 107S (high density; 
to give film thickness 150 micron at 10 m/min. Cooling 
was by air at ambient temperature. 

Undrawn film was slit into tapes and stretched with a 
draw ratio of 17.5.*. Fibrillation was effected as in 
1.1 above. 

' • 1.3 Tapes of widths 0.5* 1.5, 2.5 and 10 mm were 
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prepared using the method 1.2 above to. produce a 35 
micron thickness fihrillated film. Each width was then 
cut to provide samples of cut tape having cut lengths 
of 6, 12, 20, 26, 35t 70 and 100 mm respectively. 

1 .4- A cement slurry was prepared by mixing of 
ordinary portland cement powder with water in the 
proportion 1000 g cement to 400 cc water in a Hobard 
A200 food mixer for 5 minutes. Using this slurry and 
the cut tape samples produced in 1.3 above a series of 
mixtures of cut tape and slurry were prepared containing 
1%, 2%, 3%, 4% etc. by weight of each sample of cut 
tape, and test discs were prepared from each such mixture 
by pressing 300 g samples of each tape/slurry mixture in 
a cylindrical disc mold (diameter 120 mm). Water and 
some cement were pressed out to give a pressed weight 
of 250 g. The pressed discs were cured under water for 
7 days and then the discs, or beams cut from the discs 
were tested in a three point bending (span 90 mm, for 
thickness 10 mm depending on specimen) . The ultimate 
post-crack, flexural stress was determined at each 
concentration (see Fig 0 1 of the accompanying -drawings) 
and plotted against concentration (see *ig. 2 of the 
accompanying drawings}' to give the limit: of the rate of 
increase in post-crack flexural strength for each cut 
length sample. The concentration at which the limit 
occurred was then plotted against cut length for each 
series of samples corresponding to a single width of 
tape to produce the curves shown' in Fig. 3 of the 
accompanying drawings*. 

In the graphs of Fig. 3, for each curve the area 
under the curve defines the parameters of length and . 
concentration which will provide an increase in post- 
crack flexural strength for an increase in concentration. 
The area above the curve defines the values of length 
and concentration at which a rapid decrease in post- 
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crack flexural strength occurs with increase in concen- 
tration from any given point on the curve. 

The relationship between width and length for a 
given concentration is shown in Fig. 4 so the accompanying 
drawings for four concentrations of 1%, 2%, 3%, and 4$ 
wt/wt. In each of the Figs. 3 and 4 the limiting factor 
is the tendency of the tapes to "ball" which prevents 
even distribution and therefore lowers flexural strength. 
Thus in Figs. 3 and 4 the- curves represent the point 
beyond which the balling effect becomes over-riding in 
its effecto 

When the tapes are very short e.g. equal to or less 
than about 6 mm the post-rcrack flexural stress do not 
exceed the first crack stress '(illustrated in Fig.- 1) 
and do not provide the desired reinforcement in the 
water hardenable mass. 

1.5 Tapes having a width of .1.5 mm and a. length 
of 20 mm were prepared as in 1.2, and 1.3 above. A 
second sample was prepared but without fibrillation. 
Test discs were then produced as in 1.4 for both samples 
with a concentration of 3% wt/wt and a three point 
bending test carried out in the samples. The result is 
shown in Fig. 5 or the accompanying drawings. It is 
seen that the ultimate post-crack flexural strength was 
much greater for the f ibrillated tape 1 than for the 
unfibrillated tape. 

1.6 A film was blown from 100?S MFI 1.5 polypropy- 
lene and processed as in 1.2 except that the. fibrillation 
roller speed was increased by 30^ a**d the depth of „ 
penetration of pins into the film was adjusted to give 
a slit length of 15 - 20 mm. The extruder output was 
adjusted to give 35 niicron stretched film thickness. 
The resulting f ibrillated tape was much more hairy 
possibly due to the substitution of the homopolymer for. 
the blend used in 1.2 but certainly to the increase in 



0026581 

14. 



10 



roller speed and pin penetration. 

1.7 Hairy fibres were also produced by incorpor- 
tior. ofparticles of, for example, cement (1* OTC on 
weight of polymer) in the polymer of 1.2. For the 
subsequent mixing of the chopped tapes in the cement, 
similar characteristics for variation of tape width as 
in 1.4 were found. This fibre is less hairy, than in 
1.6 but has good "workability". 

1.8 Tape Young's modulus was varied by modification 
of processing conditions. A tape was produced using the 
cast film route of 1.1. A tape of 100 micron film 
thickness was tested: 

20 cm test length 

100%/min rate of extension (Instron Model 1026) 
15 .* Young's (tangent) modulus at. 19& strain = 

8.5 x 10 5 N/mm 

Tne trial was repeated for a chill cast roller of 
' . 90°C and the draw ratio, of 28 was achieved (84 m/in) , 
irith extruder output adjusted 'to give 100 micron 
20 stretched film. 

A tape was tested: 
20 cm test length 

100?i/min rate of extension {Instron model 1026) 
Young's (tangent) modulus at 1% strain » 14.6 x 

25 ' * 10 5 K/mm 2 

The results are illustrated graphically in Pig. & 

of the .accompanying drawings. . 

Note that for a tape produced by the method of 1.1 
for the chill cast route and with draw ratio of 8.0, 
. 30 • a typical value of the Young's tangent modulus at 1.0* 
strain is 4.0 x 10 5 H/nm 2 . 

1.9 A series of film produced by J 'the method of 1.1 
. • • except that the fibrillation roller speed relative to 
the film was progressively increased while maintaining 
35 pin penetration constant. The slit lengths produced 
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were as follows: 



Fibrillation Roller 
Speed (relative to 
film speed) 



Slit length mm 
{mean value) 



2.4x 
2.7* 
3.1* 
3.4x 



10 



10-15 
15-20 
15-20 



The series, was repeated using a pin penetration 
increased by 50% whereupon the slit lengths produced 
were as follows: 



Test samples of the tapes produced were made and a 



found that as the slit length increased the tendency to 
"ball" also increased* This was in part due to the 
increased "hairyness" of the tapes at higjier fibrillation 
ratios and deeper pin penetration* When the slit length 
exceeded* cut 'length the effect was to reduce the maximum 
concentration possible before "balling" became excessive. 
The cases where slit length exceeded cut length corres- 
pond to embodiment 1 as hereinbefore described - i.e. 
where discrete groups of interconnected fibres are 
produced in which substantially all of the fibres have 
lengths equal to or less than the slit length. Where 
the slit length was less than cut length the samples 
corresponded to the second embodiment hereinbefore 
described* 

1.10 Tapes of 1.5 mm width and 20 mm length were 
prepared by the method of 1.2 and mixed with a cement 
slurry as in 1.3 • A second sample was prepared in the 
manner of 1.6 and a slurry produced. A third sample 



2.4 
2.7 
3-1 
3.4- 



15-20 
20-25 
25-30 
25-30 



similar series of curves produced as in 1.4-. It was 
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was produced as in 1.7 and again mixed with a cement 
slurry. A fourth sample produced as in 1.2 "but with 
12 mm length was produced and mixed with a slurry of 
cement and water. In each case the mixing with cement/ 
water slurry was carried out as in 1 .4 using 3% wt/wt 
fibre. 300 g of each mixed sample were placed in turn 
on a scale pan the mixture was then picked up from the 
pan with one hand. The weight of. slurry mixture left 
in the pan is a measure of the workability of the rein- 
forcementT material, i.e. the ability of the fibres or 
tapes to pick up and carry with them some of the cement 
slurry. The residues were as follows :- 

Sample 1 50 g 

Sample 2 ' ' 20 g 

Sample 3 30 g 

Sample 4 80 g 

1.11 Pibrillated tapes of 1.5 mm width, 35 micron 
thickness, 26 mm length were produced as in 1.2 but with 
an additional treatment with an hydrophillic wetting agent 
based on lauric fatty acid (0.556 solids as determined by 
methyl alcohol extraction technique). 

It was found that such tapes were wetted out much 
more easily in the cement slurry. Close inspection 
revealed that cement particles penetrated more readily 
into the insterstices of the tape, i.e. into the slits. 

1.12 Tapes with improved chemical bond and/or 
improved hydrophillic surface properties were prepared by 
mixing additives with the polymer before extrusion.- The 
bond and -wetting out was tested by embedding to a depth 
of 20 mm lengths of unfibrillated tapes in cement test 
cubes. Pull-out tests were carried out after 7 days of 
curing cement paste (0.4- water/cement ratio employed). 

The polymer and additives were processed as 
described in example 1.2, to give approximately 35 
micron film after stretching. 
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Samples were prepared as follows: 

HEP. A - control, without additives 

HEF . B - with. 0.6JS silane (methacryloxypropyltri- 

methoxy type) 
HEF. C - with 2% silicon dioxide particles (Luf 

- B.A.S.F.) 
EEF. D - with 1$ ordinary portland cement 
KEF « E - with 5% styrene acrylonitrile copolymer 

(Tyril from Dow Chemicals) 
REF. F - with 1$5 ordinary portland cement and 0.6% 

silane (as HEF. B type). 
Pull out tests were carried out with (w) and without- 
(w/o) a surfactant surface treatment (1) (phosphate 
ester type) which assists wetting out of the tape. 
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19. 
CIA IMS. 

1. A fibrous reinforcement material which 
comprises discrete groups of interconnected fibres 
produced by breaking up a network of fibres formed by 
mechanical fibrillation of an oriented film of an aliylene 
polymer and/or copolymer characterised in- that substantially 
all the individual fibres constituting the discrete groups 
have a length equal to or less than the length of the 
slits produced in the oriented film by the mecha ni cal 
fibrillation process* 

2. A fibrous reinforcement material as claimed 
in claim 1, characterised in that the film before 
orientation is in the form of one or more tapes.* 

3. A fibrous reinforcement material as claimed 
in claim 2 characterised in that the tapes are extruded 
as such. 

4-. A fibrous reinforcement material which comprises 
discrete groups of interconnected fibres produced from a 
mechanically f ibrillated oriented film or tape of an 
alkylene polymer and/or copolymer characterised in that 
the length of substantially all the fibres constituting 
each such group is not more than 100 mm and for a given 
width of film or tape is such as to provide an increase 
* in the post-crack f lexural strength of a water-hardened 
mass in which such groups have been evenly distributed 
before the mass is hardened* 

5. A fibrous reinforcement material as claimed 
in claim 4 t which comprises cut or chopped pieces of 
mechanically f ibrillated oriented film formed from an 
alkylene polymer and/or copolymer, characterised in that 
the width of the film measured after orientation but 
before fibrillation being from 0.5mm to 10mm and the . 
lengths of substantially all of the cut or chopped pieces 
being 100mm or less and for a given width of film being such 
ap to provide an increase in post crack f lexural strength 
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20. 

of a water-hardened mass in which said cut or chopped 
Ices are incorporated before the said mass is hardened. 

6 ' A f ibrous reinforcement material as claimed 
in claim 5, characterised in that the lengths of 

5 substantially all the cut or chopped pieces does not 

exceed 35 V ♦ ^ 

7 A f ibrous reinforcement material as claimed 

, claim ^ characterised in that the width of substantially 
' all the cut or chopped pieces is suhstantially 0.5 mm 
10 and the lengths thereof are from 20 mm to 26 mm. 

8 A fibrous reinforcement material as claimed 

in claim 6 characterised in that the width of suhstantially 
all the cut or chopped pieces is suhstantially 1.5 mm 
and the lengths thereof are 'from 15 mm to 20 mm. _ 

9 A fibrous reinforcement material as claimed 
in claim 6 characterised in that the width of suhstantially 

* all the cut or chopped pieces is substantially 10 mm and 
the lengths thereof are from 6 mm to 12 mm. 

10 A fihrous reinforcement material as olaxmea 
PO in any of claims 1 to 9, characterised in that the film 

or tape has a thickness of from 10 to 100 microns. 

11 A fihrous reinforcement material as claimed 
' in claim 10, characterised in that the film or tape has 

a thickness of from 25 to 40 microns. 

• • 12 A fibrous reinforcement material as claimed 
in any of claims 1 to 11, characterised in that the 
alkylene polymer and/or copolymer is a propylene polymer 

and/or copolymer. • , . , 

13 A fibrous reinforcement material as claimed 

30 in any of ihe preceding claims, characterised in that the 
t ilTor tape is produced from a polymer and/or copolymer 
m elt which contains inorganic particles comparable with 
the polymer and/or copolymer and with the matrix the 
reinforcement material is intended to reinforce. ^ 

14. * a fihrous reinforcement material as claimed 
in claim 13, characterised in that the inorganic particles 
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21. 

are particles of Portland cement , chalk, silica (either 
precipitated or aerogel type), alumina, magnesia, or 
other naturally occurring oxide or carbonate. 

15 „ A fibrous reinforcement material as claimed 
5 in any of claims 1 to 12, characterised in that the 

film or tape is produced from a polymer and/or copolymer 
melt which contains organic coupling or bonding agents. 

16. A fibrous reinforcement material as claimed 
in claim 15 characterised in that the organic coupling 

AO or bonding ^gent is an ethyi polysilicate, a methacryloxy- 
propyltrimethoxy silane, a silicone glycol copolymer, 
a polyvinyl alcohol, an organic acid or anhydride or a 
styrene acrylonitrile copolymer. 

17. A fibrous reinforcement material as claimed 
15 in claim 16 characterised in that the organic acid or 

anhydride is phthalic anhydride or oleic acid. 

18. A fibrous reinforcement material as claimed 
in any of the preceding claims characterised in that 

a surfactant is disposed on the surface of the fibres. 

20 19. A fibrous reinforcement material as claimed 

in claim 16, characterised in that the surfactant is 
coated onto the surface of the fibres after fibrillation 
of the film or tape but before the f ibrillated film or ' 
. tape is broken up into discrete groups of interconnected 

25 fibres. 

20. A fibrous reinforcement material as claimed 

in any of the previous claims, characterised in that 

the f ibrillated film or tape has- a Youngs .Modulus greater 
2 

than 4N/mm . 

30 * 21. A fibrous reinforcement material as claimed 

in claim 20, characterised in that the f ibrillated film 
or tape has a Youngs Modulus of greater than 8N/mm2 # 

22. A method of reinforcing a water-hardenable 
mass by incorporating therein a fibrous reinforcement 

35 material comprised of discrete groups of interconnected 
fibres and thereafter hardening the water-hardenable mass 
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characterised in that the reinforcement material 
incorporated in the water hardenahle mass is a reinforce- 
ment material as claimed in any of claims 1 to 21. 

23. A method of reinforcing a water-hardenable 
5 mass by incorporating therein a fibrous reinforcement 

material in the form of discrete groups of interconnected 
fibres, characterised in that the water hardenahle mass 
is formed into a slurry and projected in the form of a 
* jet of atomised slurry into a mould, and feeding a fibrous 
10 ' reinforcement material as claimed in any of claims 1 to 
21 into said atomised jet. 

24. A method as claimed in claim 23, characterised 
in that the fibrous reinforcement material is formed by 
chopping continuous f ibrillated tape into appropriate 

15 lengths and blowing the cut lengths into the jet of 
atomised slurry. 
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